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ABSTRACT

OVERWINTERING OF CASCADES FROGS
(RANA CASCADAE) IN WASHINGTON
by
April B. Barreca
March 2010

This thesis begins with overview of amphibian declines, amphibians in the Pacific
Northwest, and information about ranid overwintering. The second part of the study
presents my research that tracked Cascades frogs (Rana cascadae) throughout the winter
at a high-elevation site in Washington. Amphibians are declining around the world and
little is known about their natural history. There are few overwintering studies on
amphibians and no previous overwintering studies on Cascades frogs. Cascades frogs are
declining throughout the southern portion of their range and an understanding of the basic
ecology and biology of this species is urgently needed to prevent their decline in the
Pacific Northwest. Radio tracking methods were used to monitor overwintering
Cascades frogs at a wetland complex at (1760 m) on Table Mt. in the Wenatchee
National Forest. Two winters of observation and laboratory tests indicated Cascades
frogs at this study site were not freeze tolerant and overwinter aquatically in a spring
from October to May. Cascades frogs of all life stages were found overwintering in a
single site, which suggests that the presence of adequate overwintering habitat could
dictate the regional abundance of montane amphibians.
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CHAPTER I
INTRODUCTION AND LITERATURE REVIEW
Introduction
Amphibians are declining at a rapid rate; however, reasons for declines are poorly
understood and many species of amphibians are facing extinction (Wake 1991; Blaustein
et al.1994; Stuart et al. 2004). In 1989, The World Congress of Herpetology met to
exchange information and discuss the causes of diminishing amphibian populations
(Wake 1991 ). Since then, studies have elucidated a variety of factors responsible for
amphibian declines, but many unanswered questions remain. In order to understand
declines, many gaps in knowledge need to be filled about amphibian biology and ecology
(Wake 1998; Davidson et al. 2002; Stuart et al. 2004; Bury 2006). This review will
discuss amphibian declines, the seasonal bias of amphibian studies, overwintering studies
of amphibians and how all of these are pertinent to Cascades frogs (Rana cascadae) in
central Washington.
Global Declines
Amphibians have persisted for 360 million years and are considered "survivors"
by evolutionary standards. However, recent statistics show that 43% of amphibian
populations are declining and 33% are threatened with extinction (Stuart et al. 2004).
The declines are due to multiple factors and synergistic effects including: disease (Daszak
et al. 2003; Lips et al. 2006; Skerratt et al. 2007; Johnson et al. 2008), habitat loss and
degradation (Jennings and Hayes 1994; Cushman 2006), invasive species (Kats and
Ferrer 2003; Knapp et al. 2007), chemical biocides (Relyea and Mills 2001; Hayes et al.
1
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2002; Cauble and Wagner 2005; Davidson et al. 2007), increased ultraviolet radiation
(Blaustein, et al. 1994; Fite et al.1998; Belden et al. 2003) and climate change (Donnelly
and Crump 1998; Pounds et al. 2006). Some of the most puzzling declines are in remote
environments, such as inside National Parks and wilderness areas at high elevations.
Mass mortality events and extinctions that cannot be fully explained are called
"enigmatic declines" (Stuart et al. 2004). Chytrid fungus may be a major contributor to
these declines.
The Chytrid Fungus
The fungal pathogen Batrachochytrium dendrobatidis (Bd) has been implicated as
one of the most recent drivers of rapid amphibian extinctions around the world (Lips et
al. 2006; Skerratt et al. 2007). Batrachochytrium dendrobatidis causes the disease
chytridiomycosis, commonly referred to as chytrid. Amphibians infected with Bd
become lethargic, develop skin lesions, and eventually die. Multiple studies on chytrid
still have not identified exactly how the pathogen kills amphibians (Daszak et al. 2003;
Skerratt et al. 2007), but Bd is present in high concentrations in areas with the most rapid
declines of amphibians. Scientists have followed the disease front in Panama and found
that amphibian populations that appear healthy will suddenly experience mass mortality
when Bd is present in the environment (Lips et al. 2006). This fungal disease appears to
be moving from the North to the South in Central America. It is not fully understood, but
researchers agree that it is the most likely cause of decline for multiple species of
amphibians (Lips et al. 2006; Skerratt et al. 2007). However, not all amphibians respond
the same way to Bd infections; some amphibians are less susceptible to Bd such as the

3
bullfrog (Lithobates catesbeianus) (Daszak et al. 2003). Researchers are continually
working to unravel the mysteries of amphibian declines caused by Bd, however, one well
understood cause of amphibian declines is anthropogenic disturbance.
Anthropogenic Disturbances
Disturbances to the natural world caused by humans, such as habitat loss and
degradation (Jennings and Hayes 1994; Davidson et al. 2002; Com and Bury 1989),
pesticide drift (Davidson et al. 2002), and invasive species (Adams 2000; Kats and Ferrer
2003; Knapp et al. 2007) are well documented drivers of amphibian decline.
Habitat loss and degradation
Most amphibians depend on aquatic and terrestrial resources for survival. Over
half the wetlands in the United States have been destroyed in the past 200 years (Dahl
1990). Losses of wetlands, especially as breeding grounds, are a major source of declines
for temperate amphibians (Semlitsch 2000). Some amphibians show extremely high site
fidelity and will return to non-functional wetlands and attempt to breed year after year
(Blaustein et al. 1994). Destruction or degradation of overwintering habitat may also
affect local amphibian abundance (Pilliod et al. 2002). Forest destruction from the
tropics to the Pacific Northwest has had a negative impact on amphibian populations
(Com and Bury 1989; Dale et al.1994). Roads are also a threat to amphibian survival,
especially during dispersal events (Fahrig et al. 1995). Land development, road-building,
and timber harvest are some ways that habitats are lost, degraded or fragmented. These
practices have a negative impact on amphibians and more studies are needed to develop
suitable management practices (Cushman 2006).
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Invasive Species
Invasive species impact native amphibian populations by direct predation and
competition (Kats and Ferrer 2003). Amphibian declines in North America have been
associated with nonnative fish and bullfrogs (Lithobates catesbeianus) (Jennings and
Hayes 1994; Kats and Ferrer 2003). Both fish and bullfrogs have been successful at
colonizing environments in the western United States. In areas where removal of
invasive species is possible, native amphibian populations have increased. For example,
populations of Rana sierrae in the Sierra Nevada Mountains rebounded after the removal
of nonnative fish (Knapp et al. 2007). But as with most ecological problems, the
solutions are not always simple. Rana sierrae repatriated to another part of the Sierra
Nevada Mts. did not survive in ponds that studies indicated would be a good habitat
(Fellers et al. 2008). See Baskin (2002) for a more complete review of invasive species.
Synergistic Effects
The synergistic effects of two or more factors may contribute to declines by
weakening amphibian immune systems, which then become more susceptible to diseases
or other stressors (Relyea and Mills 2001; Crews et al. 2003; Sih 2004; Davidson and
Knapp 2007). Factors such as the stress of predation combined with low levels of
pesticide exposure can result in increased mortality (Relyea and Mills 2001). Exposing
frogs to the pesticide carbaryl also increases the risk of Bd (Davidson et al. 2007).
Amphibians can experience multiple environmental stressors, these combined with
exposure to disease, predation threats and morphological stress during metamorphosis
may all work synergistically to cause decreased immune response (Sih 2004).
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The endocrine system, and thus reproductive capabilities of amphibians, is altered
by low-doses of the herbicide atrazine (Hayes et al. 2002). Atrazine affected hormone
levels in the South African clawed frog (Xenopus laevis) that resulted in multiple sex
organs and hermaphrodites (Hayes et al. 2002). Endocrine disruptors have been
implicated in a variety of bizarre deformities. In some species all the young will be the
same sex; in other species it affects color change and even limb truncations (Crews et al.
2003). Field researchers are not often looking for hormone-caused defects; therefore,
amphibian decline caused by endocrine disrupters may be underestimated (Hayes et al.
2002).
Ultraviolet radiation
Ultraviolet radiation (UV-B) has been targeted as one of the causes of declines at
high elevations (Blaustein et al.1994; Fite et al. 1998; Belden et al. 2003). The presence
of the enzyme photolyase, which is responsible for repairing DNA damaged by UV
radiation during development, was significantly lower in Cascades frogs (Rana cascadae)
than in Pacific chorus frogs (Pseudacris regilla) in a lake exposed to high amounts of
radiation in the Oregon Cascades (Blaustein et al. 1994). This trend indicated that R.
cascadae were declining because of the increased amounts ofUV-B radiation. However,
other studies showed that the presence of dissolved organic matter in the water negated
these effects by blocking UV-B radiation (Adams et al. 2001; Palen et al. 2002). It is
possible that UV-B radiation is causing declines, especially in shallow lakes where eggs
and larvae are not covered by water and where there are low levels of dissolved organic
matter. More studies are needed to assess risks affecting high-elevation Cascades frogs.
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Declines: So Many Factors, So Little Time
The factors that contribute to amphibian declines are overwhelming, and while
some have comparatively obvious solutions, such as reducing habitat destruction and
eradicating nonnative species these are often challenging to implement. The nature of
amphibian declines is severe, and actions need to be taken to prevent global extinction
(Vitt et al. 1990; Wake 1998). Studies that need to be done, suggested by amphibian
researchers around the world, include:
1. Long-term monitoring for both healthy and declining populations, especially
ones that are poorly studied (Wake 1998).
2. Sensitivity of amphibians to poor water quality (pH, toxicity levels, and
ammonia) (Boyer and Grue 1995).
3. Synergistic effects of multiple factors, especially in relation to herbicides and
pesticides (Relyea and Mills 2001; Hayes et al. 2002; Davidson and Knapp
2007).
4. Local demographics combined with large-scale global inventories that are
easily accessed by different agencies and scientists (Vitt et al. 1990).
5. Disease, eco-toxicology and the developmental biology of amphibians (Wake
1998; Hayes et al. 2002)
6. Research on habitat fragmentation needs to consider species-specific, multiscale approaches (Cushman 2006).
7. Seasonal studies that track amphibians beyond the breeding pond and through
upland habitat (Dodd and Cade 1998; Richter et al. 2001; Pilliod et al. 2002)
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Scientists around the world have already taken action and are continuing to
investigate causes of decline and suggest management strategies (Lips et al. 2006). The
rapid global response of amphibian biologists is heartening and possibly this model of
dealing with widespread declines can serve as an example of how to deal with the
ongoing biodiversity crisis (Wake 1998). The first step to preventing declines is
collecting baseline data. I propose that year-round research on montane amphibians will
inform future climate-linked decline studies.
Links to Climate Change
Several studies have found connections between climate change and amphibian
declines (Donnelly and Crump 1998; Pounds et al. 2006; Lawler et al. 2009). Global
climate change is likely to accelerate over the next few decades (Schneider 1989; IPCC
2007). Climate change will impact freshwater ecosystems and could affect stream flow,
pond hydroperiods, soil moisture, and snow pack (Lawler et al. 2009). As the planet
warms, some organisms many need to move poleward and upward in elevation
(Parmesan 1996). Organisms that already live in montane ecosystems may not be able to
colonize new, colder habitats because they already live at the altitudinal edge of their
range (Haslett 1997).
Cold winters are important for temperate amphibians because during winter they
store energy to survive times of low food availability (Holzapfel 193 7; Seymour 1973;
Pasanen and Koskela 1974). If there are too many warm days in the winter, amphibians
will expend their fat reserves and likely not survive to reproduce during the spring
breeding season (de Groot et al. 1995; Com 2003). Climate change is predicted to lead to
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higher surface temperatures and greater fluctuations in precipitation (IPCC 2007); this
could negatively affect survival and breeding success (Lawler et al. 2009). There are
many impacts of climate change that cannot be predicted, but by studying montane
organisms now, management agencies can take preemptive steps towards species'
conservation. There are many amphibian species in the Pacific Northwest that rely on
mountainous ecosystems (Fig. 1.1 ).

Anaxyrus boreas
0-3600 m
Rana cascadae
610-2450 m

Dicamptodon tenebrosus
0-2160 m
Ascaphus trueii
0-1600 m

Pseudacris regilla
0-3550 m
Abystoma macrodactylum
0-2470 m

Rana luteiventris
520-2210 m

Rana pretiosa
1025-1600 m

Rhyacotriton cascadae
50-1350 m

0-23 00 meters

0-3 600 meters

Fig.1.1. Amphibians found at high elevations in the Cascade Range (based on actual
sightings; Jones et al. 2005). Note: Rana luteiventris has been found at 2500 m in Idaho
(Pilliod et al. 2002) and Rana cascadae is found at 2500 min California and 98 m on the
Olympic peninsula (O'Donnell et al. 2006; Garwood 2009).

Montane Amphibians of the Pacific Northwest
Montane amphibians in the Pacific Northwest survive winter conditions for 5-8
months of the year. During the brief summer months, amphibians must find habitats for
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breeding and foraging, before once again returning to overwintering habitats (Sinsch
1990). Some have extended aquatic larval and paedomorphic stages (A. macrodactylum,

D. tenebrosus, Rhyacotriton cascadae, and A. true ii) (Jones et al. 2005). Cascades frogs
(Rana cascadae), spotted frogs (Rana pretiosa and Rana lutiventris), western toads
(Anaraxys boreas), and Pacific chorus frogs (Pseudacris regilla) transform in one
summer (Jones et al. 2005). Particularly difficult to study are montane amphibians that
move between aquatic and terrestrial habitats, and spend more than half the year in
overwintering retreats. Most of the previously mentioned amphibians are found in both
montane and lower elevation sites in Washington, but Cascades frogs, with the
exceptions of populations found on the Olympic Peninsula, are only found at high
elevations (Nussbaum et al. 1983; Jones et al. 2005; O'Donnell et al. 2006).
Frogs found at high elevations may be declining more rapidly than other
amphibians (Wake 1991; Blaustein et al. 1994; Lips et al. 2006; though see Pechman and
Wilbur 1994). Many amphibians are considered "data deficient" by conservation
societies (Jennings and Hayes 1994; Stuart et al. 2004) because there are very few studies
on the ecology and biology of amphibians throughout the year (Pinder et al.1992). Most
studies on amphibians take place during the breeding season when they are easy to find in
one place (Lamoureux and Madison 1999; Richter et al. 2001). The remainder of this
paper and my research presented in Chapter II will review what is known about Cascades
frogs, including, range, identification, life history, possible causes for declines,
overwintering and future research ideas.

Cascades Frogs (Rana cascadae)
Cascades frogs (Rana cascadae) are endemic to the Pacific Northwest, and were
first described as a distinct species by James Slater (1939) in Washington, but not noted
in Oregon until 1951 (Dunlap and Storm 1951 ). They are named after the Cascade
Mountain range where they are found from Washington to Oregon. Cascades frogs are
also found on the Olympic peninsula, the Klamath-Siskiyou region of northwestern
California and surrounding Lassen Peak in north-central California (Fig. 1.2).
Cascades frogs are most commonly found at high elevations from 610 to 2450 m, but
have been documented as low as 98 m on the Olympic Peninsula (O'Donnell et al. 2006)
and as high as 2500 m (Garwood 2009) in the Trinity Alps, California.

Rana cascadae - Cascades Frog

"'

Legend

D

Habitat in core zones

D

Habitat in peripheral zones

0

Record Locations

NOTES: Habitat quality differences
within core and peripheral zones
are not displayed
Washington Gap Analysis Project 1997

Fig. 1.2. Range of the Cascades frog (Rana cascadae) in the Pacific Northwest and specific sites in Washington State.
Used with permission from Nature Mapping and the IUCN.
......
......
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Cascades frogs are recognized by their inky black spots, yellow labial stripe and yellow
ventral coloration (Fig. 1.3). They have eyes that orient outward instead of upwards, and

Fig. 1.3. Dorsal and anterior view of Cascades frogs (Rana cascadae) from the
Wenatchee National Fore st, Washington.

they have less toe webbing on their hind feet compared to similar species (Slater 1939;
Nussbaum et al. 1983; Olson 2005). They lay eggs in communal groups once per year
and their larvae usually metamorphose in 2 months. They are commonly found in and
around wet meadows, lakes, ponds and creeks. In Oregon, males and females are thought
to reach maturity 2 to 4 years after metamorphosis (Briggs and Storm 1970; Olson 1992).
Males can be distinguished from females by a rough patch on their "thumb" known as a
nuptial pad when they reach 35 mm snout-to-vent length (Nussbaum et al. 1983; Olson
2005).
Rana cascadae are in a monophyletic group with R . boy/ii, R. aurora, R. muscosa,

and R. pretiosa (Hillis and Davis 1986); however, because of their disjunct populations,
Cascades frogs in California and possibly the Olympic peninsula may be genetically
distinct. Mitochondrial DNA analyses split Cascades frogs into three distinct groups: the
Cascades group in Washington and Oregon, the Olympic peninsula population, and the
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Californian group. The Californian populations are the most distinct and may have
separated from their northern relatives over 2 million years ago (Monsen and Blouin
2003 ). Cascades frogs are thought to disperse less than 10 km from their natal site
(Monsen and Blouin 2004), because of this they have low gene flow and do not recolonize even near-by suitable habitats (Monsen and Blouin 2003). For example, an
Oregon population of Rana cascadae did not re-colonize a suitable site for 12 years, from
a viable population only 2 km distant (Blaustein et al. 1994). However, at Mount Saint
Helens, Cascades frogs repopulated an area 3. 7 miles away 7 years after the 1980
volcanic eruption (Crisafulli et al. 2005). Because of their high site fidelity and low
mobility, Cascades frogs are more vulnerable to declines.
Rana cascadae, are dramatically declining in California (Fellers and Drost 1993;

Fellers et al. 2008) and possibly Oregon (Blaustein et al. 1994). The declines in
California are centered near Lassen Peak, where a long term data set and extensive
searches by multiple agencies have shown the population now occupies less than 1% of
its former range (Fellers and Drost 1993; Fellers et al. 2008). Declines may be caused by
the introduction of nonnative fish, loss of breeding habitat, drought, and the loss of open
meadows because of fire suppression (Fellers and Drost 1993). Fellers et al. (2008)
found that the declines do not coincide with introduction of fish, and that suitable habitats
are available for breeding. They also investigated the possibility that disease and
multiple stressors may also be affecting the population, but no mass die-offs or obvious
anthropogenic effects were found. Fellers et al. (2008) are petitioning for the Cascades
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frog to be federally listed and are already preparing to take action to save this population
by implementing captive breeding programs.
In Oregon, Cascades frogs are listed as "sensitive/vulnerable" (Oregon
Department of Fish and Wildlife 2009). Multiple studies have reported increased
declines and environmental sensitivity in Cascades frogs compared to other species that
occur in similar habitats such as Pseudacris re gilla (Nussbaum et al. 1983; Blaustein and
Wake 1990). Cascades frogs in Oregon are considered susceptible to declines because of
their high site fidelity and specific habitat requirements (Olson 1992). They also may be
more sensitive to Bd, especially when they are already stressed by UV-B radiation
(Garcia et al. 2006).
In Washington, no significant declines have been reported (Adams et al. 2001;
Hallock and McAllister 2009). However, there are comparatively few studies on
Cascades frogs in Washington, most published reports have been for populations in the
National Parks and Monuments, and none from the eastern end of their range. Data
gathered from seemingly healthy populations in Washington can be compared and
contrasted to better understand factors contributing to declining Cascades frog
populations in other regions.
Complete life history information is not known about many amphibians (Stebbins
and Cohen 1995) and this is especially true for western montane species (Pilliod et al.
2002). Most studies are conducted during breeding season, when it is easy to find many
individuals at one time; however post-breeding studies are essential for understanding a

•

species' interactions with its environment (Lamoureaux and Madison 1999; Richter et al.
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2001 ). Studies that seasonally track amphibians throughout their environment, find that
upland habitats are important retreats and foraging areas for amphibians (Dodd and Cade
1998). Very few studies have recorded where temperate amphibians spend the winter.
Pinder et al. (1992) summed it up well when they wrote, "Our ignorance is such,
however, that measuring the microenvironment surrounding a single animal through a
single season of estivation or hibernation would add immensely to our knowledge."
(Pinder et al. 1992, 274 ). All sources that describe the overwintering of Cascades frogs
pull from a single paper by Briggs (1987) where he observed Cascades frogs in March
buried in the mud at Bear Springs in Oregon. My study radio tracked Cascades frogs
through two winters on Table Mt. in the Wenatchee National Forest, Washington.
Overwintering
Amphibians overwinter aquatically or terrestrially using a variety of strategies
(Pinder et al. 1992). The greatest challenges to overwintering amphibians are freezing
temperatures, and availability of oxygen (Pinder et al 1992; Tattersall and Ultsch 2008).
Some of the most dramatic overwintering adaptations are those used by the wood frog

(Lithobates sylvatica). These frogs are "freeze tolerant," which means they metabolize
glycogen from the liver into glucose, which acts as a cryoprotectant enabling them to
survive freezing up to 70% of their body water (Schmid 1982; Costanzo et al. 1993).
When these frogs are hibernating, ice forms inside their body cavities, but does not lyse
their cell membranes because of the high amounts of glucose stored within their cells
(Storey and Storey 1986; Costanzo et al. 1993). Other anurans that are freeze tolerant
include the grey tree frogs (Hy/a chrysoscelis and Hy/a versicolor) (Costanzo et al. 1992;
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Layne 1999), the striped chorus frog (Pseudacris triseriata) (Storey and Storey 1986) and
the spring peeper (Hy/a crucifer) (Storey and Storey 1986; Schmid 1982).
Some amphibians avoid freezing temperatures by burrowing or finding
microhabitats that do not freeze. Canadian toads (Anaxyrus hemiophrys) were
documented burrowing over 1.1 m underground in loose soil in a Minnesota prairie
(Breckenridge and Tester 1961). In Colorado, western toads (Anaxyrus boreas boreas)
were found overwintering in chambers formed by rocks, or vegetated shelves (Campbell
1970). These chambers remained above freezing and had adequate moisture and oxygen.
The western toad (Anaxyrus boreas) in Washington is also thought to burrow below the
frost line during the winter (Jones et al. 2005). Strecker's chorus frog (Pseudacris

streckeri) also burrows to avoid freezing (Packard et al. 1998). Other amphibians are not
able to dig their own burrows, but may use burrows made by other animals. The cricket
frog (Acris crepitans) survives winter in crayfish burrows and moist cracks along the
edges of ponds (Irwin et al. 1999).
Other anurans hibernate in the water; the main challenge of aquatic overwintering
is the availability of dissolved oxygen. The common frog (Rana temporaria) can survive
in hypoxic conditions for a month in the laboratory (Boutilier et al. 1997). The mountain
yellow-legged frog (Rana sierrae) tadpoles spend the winter with little oxygen (Bradford
1983), but adults of the same species have been found dead due to lack of oxygen.
Amphibians that do not survive anoxic conditions need specific habitats that stay above
freezing and provide adequate dissolved oxygen (Bradford 1983; Tattersall and Boutilier
1999; Pinder et al. 1992). Rivers and streams meet both these criteria and some anuran
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species such as northern leopard frogs (Lithobates pipiens) (Cunjak et al. 1986) and
Columbia spotted frogs (Rana luteiventris) (Bull and Hayes 2002) have been found
overwintering in these lotic systems. Rana temporaria (Pasanen and Koskela 1974),
Rana sierrae (Bradford et al. 1983; Pope and Matthews 2001) and American bullfrogs
(Lithobates catesbeianus) (Stinner et al. 1994), along with many other species, spend the
winter in lakes and ponds. Anurans have also been found overwintering in springs and
seeps (Lamoureaux and Madisonl 999; Bull and Hayes 2002). Montane amphibian
species in the Pacific Northwest likely use all of these above methods to survive winter at
high elevations.
Although amphibians are adept at surviving in harsh variable conditions, winter is
still physiologically stressful and high mortality is associated with overwintering. Briggs
and Storm (1970) noted more mortality associated with winter than during other seasons
for R. cascadae. Winterkill from lack of oxygen and has been noted for R. muscosa in
California (Bradford 1983). Amphibians not only face physiological challenges, but
access to quality overwintering habitat may also limit amphibian abundance (Pilliod et al.
2002). Cascades frogs live in heterogeneous habitats that may aid their survival during
times of drought, long winters or other environmental stressors (Brown 1997). More
research is needed to describe winter microhabitat conditions for Cascades frogs. My
research on the overwintering of Cascades frogs may aid conservation decisions and
contribute to our understanding of montane amphibians in the Pacific Northwest.
Summary
The rapid global decline and extinction of amphibian species is alarming and has
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spurred amphibian researchers into action (Wake 1998). Many factors are linked to the
decline of amphibians and some of these may act synergistically (Relyea et al. 2002; Sih
et al 2004; Davidson and Knapp 2007). More information is needed about the ecology
and biology of amphibians throughout the year. The Pacific Northwest is home to a large
number of amphibians that live at high elevations (Jones et al. 2005); among these
species, one that has declined in other parts of its range and is restricted to high
elevations is the Cascades frog (Fellers and Drost 1993). There are very few studies that
track amphibians in the Pacific Northwest throughout the winter. Little is known about
Cascades frogs from the eastern end of their range, therefore information on the
overwintering of R. cascadae will aid future studies in winter biology and physiology.

CHAPTER II
FROGS IN SPRING ALL WINTER: HABITAT USE AND MOVEMENT
OF THE CASCADES FROG (RANA CASCADAE)
IN CENTRAL WASHINGTON STATE, USA.
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Abstract
Cascades frogs are declining throughout their range, yet little is known of their
habitat requirements, especially during winter. Radio tracking was used to monitor
overwintering Cascades frogs at a high-elevation wetland complex in central Washington
State, USA. Cascades frogs were not freeze tolerant and overwintered aquatically in a
spring from October to May. Water temperatures were stable at 3.3°C and dissolved
oxygen levels were moderate (5.0 to 11.0 mg/L) at the overwintering site. Air
temperatures remained below freezing from December through April and seasonal
movements were correlated with air temperatures. Cascades frogs at this site built up
significant energy stores to survive winter and were sensitive to disturbance. Cascades
frogs of all life stages were found overwintering in a single site, which suggests that the
presence of adequate overwintering habitat could dictate the regional abundance of
montane amphibians.
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Introduction
The Cascades frog (Rana cascadae) is a montane species endemic to the Pacific
Northwest. This frog's distribution is limited to the Cascade Range of Washington and
Oregon, the Olympic Peninsula of Washington, and in the mountainous areas of northern
California (Slater 1939; Nussbaum et al. 1983). It is listed as "Near-threatened" by the
International Union for the Conservation of Nature (IUCN) Red List (Hammerson and
Pearl 2004) and has been nearly extirpated in areas surrounding Lassen Peak in
California (Fellers and Drost 1993; Fellers et al. 2008). Cascades frogs are considered a
"Species of Concern" in Washington (Washington Department of Fish and Wildlife
2009), and are considered susceptible to declines due to specific habitat requirements
(Olson 1992) and low dispersal ability (Monsen and Blouin 2004). Despite many reports
of amphibian declines (Wake 1991; Blaustein et al. 1994; Stuart et al. 2004), and the
urgent need to conserve this species at the southern end of its range, there is still a lack of
information on this species' basic natural history.
Cascades frogs were historically abundant in the Lassen region of California, but
are now found in less than 1% of their historical locations (Fellers and Drost 1993;
Fellers et al. 2008). Factors implicated in the declines include introduced fish, drought,
and succession of wet meadows into forests but none of these factors offer a definitive
explanation for the declines (Fellers and Drost 1993; Fellers et al. 2008). Although no
obvious declines have been reported in Washington (Adams et al. 2001; Hallock and
McAllister 2009), there is little previous research on Cascades frogs in the eastern portion
of their range in Washington.
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Temperate anurans move seasonally between habitats and amphibian studies that
limit themselves to the breeding season cannot accurately assess all of the habitats a
species needs. Ranid frogs select habitats for breeding, foraging, and overwintering
(Sinsch 1990; Lamoureux and Madison 1999). One water body may provide all three
resources, but frequently these resources are spatially separated. Few studies document
the movement of amphibians between aquatic and terrestrial habitats (Dodd and Cade
1998), and there is a general lack of information about the winter habitat requirements of
amphibians (Matthews and Pope 1999; Pilliod et al. 2002; Bull and Hayes 2002).
There is little information on seasonal habitat use by montane amphibians in
western North America (Pilliod et al. 2002) and no previous studies of overwintering in
Cascades frogs. Two studies that tracked western montane ranids through the winter
focused on the mountain yellow-legged frog (Rana sierrae) (Bradford 1983; Matthews
and Pope 1999) and the Columbia spotted frog (Rana luteiventris) (Bull and Hayes
2002). These studies found that R. sierrae and R. luteiventris overwinter aquatically.
Many other North American ranids also overwinter aquatically such as the northern
leopard frog (Lithobates pipiens) (Emery et al. 1972; Cunjak 1986; Licht 1991 ), the green
frog (Lithobates clamitans) (Lamoureux and Madison 1999) and the American bullfrog
(Lithobates catesbeianus) (Stinner et al. 1994). However, one North American ranid, the
wood frog (Lithobates sylvatica), overwinters terrestrially and can survive freezing
(Schmid 1982; Storey and Storey 1986; Costanzo et al. 1993). Although anecdotal
evidence supports the idea that Cascades frogs also overwinter aquatically (Briggs 1987;
Garwood 2009), no studies have tracked this species throughout the winter.
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Amphibians that overwinter aquatically survive on stored energy and need to
select environments that will not freeze completely, and have adequate dissolved oxygen
(Bradford 1983; Tattersall and Boutilier 1997). Although ranid species can survive brief
periods of low oxygen, it is too physiologically challenging to spend the entire winter
buried in hypoxic mud (Bradford 1983; Tattersall and Boutilier 1997). This contradicts
the observation by Briggs (1987) of R. cascadae overwintering by burying in silt at the
bottom of a spring. Silt and mud at the bottoms of lakes and ponds tend to be low in
oxygen during winter months, particularly when the water is capped by ice (Barica and
Mathias 1979). However, during aquatic mixing cycles adequate dissolved oxygen may
be available at the mud-water interface in ponds (Bouldin 1968). More needs to be
learned about the role of dissolved oxygen in limiting overwintering habitats for
Cascades frogs.
We hope to add information to the growing body of winter habitat studies for
western montane species. Here we present overwintering data on radio tracked Cascades
frogs at a high-elevation wetland complex in Washington State. In this study, we sought
to 1) track movements of Cascades frogs to and from overwintering sites, 2) identify
specific microhabitats that allow successful overwintering, 3) describe the temperature
and dissolved oxygen levels of these sites, 4) collect demographic information and
estimate the population at this site and, and 5) measure energy accumulation prior to and
after overwintering.
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Methods
Study Site

We studied Rana cascadae at a wetland complex near Lion's Rock on Table Mt.
in the Wenatchee National Forest, Washington, USA at 1760 m (lat. 47° 14' N, long.
120° 34' W). Cascades frogs were located throughout the site (5023 m 2), a wetland
complex fed by a permanent spring-fed pool (7.3 x 7.5 m) that eventually drains to First
Creek (Fig. 2.1 ).

Study Site

*'

Outflow Creek

Ephemeral
Pool

110 meters

I

'
N

Fig. 2.1. Rana cascadae study site at 1760 m on Table Mt., Wenatchee National Forest,
Washington. Snowmelt and a permanent spring feed the wetland. The spring feeds a
marsh which flows into a small stream that drains to the western tributary of First Creek.

The spring has an average depth of 66 cm filled with 45 cm of fine saturated silt
covered by 21 cm of water. The spring feeds a marsh that consists of a pool surrounded
by emergent vegetation and partially submerged large woody debris. During the spring, a
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large ephemeral pool (40 x 26 m) fills with snowmelt in an open meadow and gradually
fills with emergent sedges through the summer. The pool has shallow edges (10-20 cm),
but the center can reach depths of 90 cm in mid-May. The northern part of the wetland is
shaded by subalpine fir (Abies lasiocarpa) and Englemann spruce (Picea engelmanni).
The study site is only accessible by a multi-use trail, has no introduced fish or invasive
amphibian species, and has not experienced any major recent anthropogenic disturbances.
Other amphibians found at the site include long-toed salamanders (Ambystoma
macrodactylum), Pacific chorus frogs (Pseudacris regilla), and western toads (Anaxyrus
boreas). Only salamander egg masses were found in the spring-fed pool, the egg masses
of all other species were located on the edges of the ephemeral pool.
We radio tracked Cascades frogs (details below) through this wetland for 2 years
(2007-2009) and surveyed the site once more in February 2010. Site visits occurred
twice monthly during the winter. Radio telemetry, passive integrated transponders (PIT),
and spot pattern capture-recapture were used to monitor frogs at the site and document
their movement and habitat use.
Population Characteristics
Cascades frogs were located using visual encounter surveys (Heyer et al. 1994).
Frogs were measured with calipers (snout-to-ischium length; SIL), weighed (Ohaus
Model HH-120D, Pinebrook, New Jersey), and sex was determined by presence of male
nuptial pads. Because adult R. cascadae have distinct spot patterns, all frogs were
photographed and the photos were used to identify recaptured frogs. When available,
PIT tags were also used to identify individual frogs. We estimated the number of adult
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frogs at the site using a Lincoln-Peterson estimate with a Chapman modification for small
population size (Heyer et al. 1994). The estimate was based on surveys done during the
winter (25 October 2008 and 30 November 2008) and summer (29 June 2009 and 5
August 2009). Egg masses were counted in the spring to supplement the population
estimate. To compare body mass before (October 4 to November 30) and after (May 31
to June 27) hibernation we used ANCOV A (SPSS , SPSS Inc., Chicago, Illinois) with
season and sex as factors and SIL as a covariate. We looked for interactions between
season and sex, but none were significant so they were removed from the analysis. Both
body mass and SIL were base-10 log-transformed to normalize the data.
Habitat Use and Movement

Cascades frogs were tracked through the winter of 2007-2008 and all seasons in
2008-2009. Frogs were equipped with 1.8 g (14-week battery life) and 2.0 g (24-week
battery life) temperature-sensitive radio transmitters (BD-2T, Holohil Systems Ltd., Carp,
Ontario) attached to a small-gauge beaded metal belt. Signals were received with a LA12Q A VM Instruments radio receiver with a Telonics "H" type antenna (RA-2AK, Mesa,
Arizona). This method of radio tracking has proven effective in other studies of similar
sized frogs (Rathbun and Murphey 1996; Fellers and Kleeman 2007).
Eighteen frogs were tracked an average of twice a month throughout the year and
their locations were recorded. Four frogs were tracked from October 2007 to May 2008
at their overwintering site. Eleven frogs were fitted with radio transmitters throughout
the summer and fall of 2008 and 4 of those were tracked from summer sites to fall/winter
sites. Three frogs were tracked from February to May 2009 at the overwintering site.
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After the first heavy snowfall, frogs were not visually located because removing
them from their overwinter sites through snow and ice reduced winter survival by
destroying overwintering retreats. However, frogs were occasionally disturbed to change
radio transmitters. Frogs were tracked to their closest location at the surface of the snow
and an antenna cable in a polyvinyl chloride (PVC) probe was used to pinpoint their
locations more precisely (Fellers and Kleeman 2003). To reduce stress on the frogs,
radio transmitters were attached to new frogs after 14 or 24 weeks. If a transmitter
became detached, it was attached to a new frog the following visit.
PIT tags (12 mm, Biomark Inc., Boise, Idaho) were used to identify individuals
and to aid in pinpointing frog locations. Fifteen frogs were previously PIT tagged at this
site in September 2006. The tags were inserted using methods similar to Christy (1996):
a small incision was made with sterilized scissors, the tag was inserted subdermally
through a small incision posterior and dorsal to the forearm, and the incision was
subsequently sealed with veterinarian-grade super glue (3M, Saint Paul, Minnesota).
Radio tracked frogs in 2007-2008 also received PIT tags in case they lost their
transmitters. Frogs in 2008-2009 had PIT tags attached to their transmitters with silicone
so the transmitters could be recovered when the batteries failed.

Laboratory Studies
Three individuals were collected 29 September 2007 to determine freeze
tolerance, and two others were dissected to measure lipid content. Established protocols
(Irwin and Lee 2003) were used to ensure frogs were frozen in conditions similar to what
they would experience in nature. Frogs were placed in test tubes and cooled slowly
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(0.04°C I hour) over 48 hours in an ethanol cooling bath (NESLAB RTE 740, Thermo
Fisher Scientific Inc., Waltham, Massachusetts) to -l.5°C. At -0.6°C the frogs were
stimulated to freeze by spraying an aerosol coolant on the outside the test tubes. Frogs
were held at - l .5°C for 4 hours before they were transferred to a cold room (4 °C) to
thaw. Frogs were dissected to measure fat-body size relative to total mass.
Site Characteristics
Temperature loggers (HOBO 08, Onset Computer Corporation, Bourne,
Massachusetts) were placed to measure water and air temperature at overwintering sites.
In 2007, 2 were placed in the water: one under a bank where frogs had been frequently
observed, and another 20 cm deep in the middle of the spring. In 2008, a data logger was
placed in the spring where frogs were observed the previous winter. Two data loggers
were placed adjacent to the pool, one under a light layer of duff to monitor the
temperatures at ground level and another at 1.5 m height in a shaded area beneath a tree
so the direct sun would not affect the readings. The air probe at 1.5 m height was
covered by snow in 2007-2008 so it was moved to 4 m for 2008-2009. Some of the data
loggers malfunctioned so air temperature data from Grouse camp snow telemetry
(SNOTEL) weather station (Lat. 47° 16, Long. 120° 29', elevation 1643 m), 8.3 km from
the study site were also used. Dissolved oxygen (mg/L) was measured during winter
visits with an YSI 85 probe (YSI incorporated, Yellow Springs, Ohio). Dissolved oxygen
was measured in an opening that remained free from ice during winter. This ice-free area
was generally 0.5 m to 1 m from where frogs were known to be overwintering.
Dissolved oxygen was also tested in the silt substrate (~25-cm depth) near the
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overwintering frogs, and near the central upwelling site in the spring. Snow depth (cm)
was recorded at the site during each visit.
Results

Population Characteristics
A total of 169 adult Cascades frogs were caught at the site from October 2007 to
October 2009, with 41 individual recaptures and some frogs captured multiple times up to
a maximum of 5 recaptures. In the fall of 2008, the population estimate was 120 ± 43
adult frogs, and we estimated there were 95 ± 44 adult frogs during the summer of 2009.
In terms of body size, adult female frogs were proportionally larger than males
(Fig. 2.2). Males with secondary sexual characteristics could be identified as small as
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Fig. 2.2. Length to mass relationship of individual adult males (n = 64) and adult females
(n = 82) from 2007 to 2009.
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37.4 mm SIL, and the largest male measured 62.1 mm. Females ranged from 50 to 73.9
mm SIL. Mass ranged from 16.9 to 44.7 g for females and from 8.7 to 27.1 g for males.
Females were significantly heavier than males at any given SIL (F

=

3.54, P

=

0.032).

Cascades frogs were proportionally heavier in the fall before overwintering than
when they emerged in the spring after breeding ANCOVA: F = 32. 78, P < 0.001; Fig.
2.3). Because there was no interaction between sex and season (F = 2.05, P

=

0.132), the
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Fig. 2.3. Cascades frogs were significantly heavier before hibernation (F = 32.78, P <
0.001) at the Table Mt. site (1760 m). Data presented are least-square means± SEM.

pattern of weight loss did not differ between the sexes. For 4 frogs dissected in the fall (as
part of tests for freeze tolerance), the average fat-body size was 1.0% ± 0.18 of body
weight.
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Habitat Use and Movement
Cascades frogs at this site moved seasonally between resources for breeding and
overwintering (Sinsch 1990; Fig. 2.4). Cascades frogs overwintered aquatically in the
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Fig. 2.4. Individual seasonal movement patterns of Cascades frogs at Table Mt.,
Wenatchee National Forest, Washington. (A) Fall movement to the spring from a
summer location. (B) Winter movement between the spring and the marsh. (C) Summer
movement from the breeding pond to the marsh. (D) Multiple-year movements between
the overwintering spring and the breeding pond.
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permanent spring and did not survive freezing during laboratory trials. Frogs were not
found in the spring-fed pool throughout the summer, but from October until May many
frogs were found in and around the spring. All post-metamorphic stages of Cascades
frogs and larval long-toed salamanders (Ambystoma macrodactylum) were frequently
found submerged at the east edge of the spring. Frogs were found every winter of this
study submerged under a vegetated shelf which formed an undercut bank that extended
back for 40 cm. We could reach under the bank and find many frogs clumped together in
the hollow space formed by the undercut bank. In November 2008 and October 2009,
there were at least n = 31 and n = 23, respectively, found under the same bank in the
same location (Fig. 2.5).

Fig. 2.5. Undercut bank where frogs were found overwintering in the spring at Table Mt.
study site, Wenatchee National Forest, Washington.
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In the winter of 2007-2008, frogs with radio transmitters were located only near
the undercut bank, but in 2008-2009 the frogs were more active and some moved to the
marsh and around the edges of the spring during the winter (Fig. 2.4). Frogs found in the
late fall and early spring were submerged. In 2010, frogs were again found under the
bank, but also along the north edge of the spring, near an upwelling site at the silt/water
interface. Frogs dispersed to the ephemeral pool for breeding in mid-May and did not
return in large numbers to the spring until October.
Cascades frogs deposited their eggs in communal masses at the northern edge (40
cm depth) of the ephemeral pond. Breeding was not witnessed because access to the site
was limited during spring snowmelt. However, the breeding pond was covered by snow
on 13 May 2008 and an estimate of 20 individual egg masses were found on 31 May in
2008, therefore, we concluded that the eggs must have been deposited around May 24th.
The temperature near the surface of the egg mass was 18.3°C, compared to 9.9°C in the
middle of the pool. Approximately 24 egg masses were found at the same location by 12
June 2009, and the water temperature beside the eggs was 1 l.7°C. Larvae
metamorphosed in late July and early August.
By late August the ephemeral pool was completely dry and many metamorphs
were found throughout the site and along the outflow stream all the way to its confluence
with First Creek. The surface water in the outflow stream dries before it reaches First
Creek, but metamorphs were found along the dry stream bed as well as near the wetted
channel. In the fall, metamorphs were more concentrated around the spring and marsh.
Two adult frogs with radio transmitters were tracked along the outflow stream (26
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August 2008 to 17 September 2008), but incidental visual encounters of other adult frogs
were rare. One adult female frog was found in the spring 30 November 2008 and then
along the outflow stream close to First Creek the following spring (12 June 2009), but no
frogs with radio transmitters were found traveling from the study site to First Creek.
Site Characteristics
Air temperatures at the site correlated with this species' movement towards
seasonal habitats. Cascades frogs were first found submerged in the spring 25 October
2008 when minimum air temperatures were -2°C. On 27 March 2008, we disturbed the
habitat in the overwintering spring to remove radio transmitters before the batteries
expired. Snow and ice were removed from the east edge of the spring to provide access
to the undercut bank where many frogs were overwintering. During this excavation, 10
overwintering frogs were disturbed and emerged out of the silty water. When the snow
no longer covered the spring (13 May 2008), many deceased frogs were found near the
excavation site (39 juveniles, 6 adults). In addition to these mortalities, 4 frogs equipped
with radio transmitters in February 2009 did not survive through the winter, possibly due
to wearing a transmitter during stressful winter conditions.
Seasonal shifts in air temperature and snow accumulation correlated with frog
movement towards and away from the spring. Frogs first migrated toward the spring in
early October and were found aquatically and terrestrially along the edges of the spring
and marsh until air temperatures (Fig. 2.6) dropped below water temperatures in the
spring (Fig. 2.7). Water temperatures remained stable throughout the winter. Frogs were
found in the spring throughout the winter months (December-April) when air
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measured near overwintering frogs.

temperatures were below freezing and heavy snowfall (Fig. 2.8) covered all but one
opening in the spring.
The snowpack insulated the entire wetland until late May/early June. Frogs
dispersed towards breeding sites during mid-May in 2008 when daily air temperatures
were warm enough to thaw the surrounding wetland including the breeding pond.
Breeding occurred both years when minimum air temperatures first reached
approximately 10°C (Fig. 2.7).
Dissolved oxygen levels in the spring were moderate and consistent with levels
needed to support aquatic organisms (Van der Kamp 1995). Measurements were taken at
an opening in the ice cover so dissolved oxygen levels likely overestimate the average
throughout the entire spring. Dissolved oxygen could not be measured at the actual

37

350
300

•

►

E0

-

-

2007/2008
-e 2008/2009

250

.c

15..
(I)

r

200

I \
I
\

o 150
~
C:
Cl)

.,,......
I

100

/

\
\

/

50

Frogs breed 2008

•-•~

I/

\

Frogs breed 2009

0 ..1,-.....-11941.-.~_,._--,--..---~---,---,-~--.--~----.------.----.----e--.....~ Se p Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Date

Fig. 2.8. Maximum snowfall winter of2007-2008 (320 cm) compared to winter 20082009 (200 cm) at the Table Mt. study site. Cascades frogs bred earlier in 2008.

location of the frogs because their overwintering site was covered by several meters of
snow. Dissolved oxygen levels measured at the outflow of the spring were similar to
levels within the spring (5.0 to 11.4 mg/L) (Fig 2.7). Dissolved oxygen measured 25 cm
deep in the silt was 1.4 mg/L near the undercut bank and 1.2 mg/L near the central
upwelling site.
The snowpack insulated the entire wetland until late May/early June. Frogs likely
dispersed towards breeding sites during mid-May in 2008 when daily air temperatures
were warm enough to thaw the surrounding wetland including the breeding pond. The
shallow breeding pond provided a warmer habitat even when temperatures dropped
below freezing at night. Breeding occurred both years when minimum air temperatures
first reached approximately 10°C (Fig. 2.5).
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Discussion
Cascades frogs were previously thought to overwinter in the mud at the bottom of
springs (Briggs 1987); however, it is unlikely that ranid frogs burrow to great depths in
the mud due to anoxic conditions (Tattersall and Ultsch 2008). Because Cascades frogs
are capable of movement throughout the winter, it is possible they dove into the mud as
an escape response. We found Cascades frogs at the silt-water interface in the spring
covered with a light layer of silt, similar to observations of L. pipiens (Emery et al.
1972.). Dissolved oxygen levels at the Table Mt. site were moderate throughout the
spring water (Fig. 2. 7), but dissolved oxygen in the mud at our site were too low (1 .4
mg/L) to support long-term overwintering (Bradford 1983; Tattersall and Boutilier 1997).
Our study found that Cascades frogs were active during the winter and moved
throughout the spring and adjacent wetland, which has also been observed for ranids in
other overwintering studies (Pasanen and Koskela 1974; Stinner et al. 1994; Bull and
Hayes 2002). If submerged overwintering frogs have adequate levels of dissolved
oxygen, they move towards higher temperatures within the overwintering habitat
(Tattersall and Boutilier 1999). Ground water has a uniform temperature (Van der Kamp
1995) which contributed to the stable temperatures observed in the spring throughout the
winter. It is possible that the temperature is mildly warmer near the upwelling site before
the ground water mixes with surface water. Multiple frogs were found clustered together
near an upwelling in the spring 16 February 2010, which we attributed to the possibility
of slightly higher temperatures near the upwelling. Cascades frogs at this site moved
freely during the winter under the ice layer and may have access to air.
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Undercut banks provided important overwintering habitat for R. cascadae at this
site. Similar spaces and "hollow chambers" have been noted for other overwintering
ranid species (Lamoureaux and Madison 1999; Matthews and Pope 1999; Bull and Hayes
2002; Garwood 2009). These small spaces may provide microhabitats that are more
insulated from fluctuating air temperatures and lessens the risks of predation. Other
studies also suggest that these hollow overwintering sites may provide an air pocket
(Lamoureaux and Madison 1999; Bull and Hayes 2002) but this was not observed in our
study. Lotic systems also offer refuge in the form of undercut banks, but overwintering
in streams increases risks associated with spring scouring and may be limited to side
pools with slower flows.
Overwintering is associated with high mortality in Cascades frogs (Briggs and
Storm 1970) and others (e.g. Bradford 1983). Winter conditions at the Table Mt. site
were characterized by below freezing air temperatures from October to June and heavy
snowfall that did not melt completely until July. At our study site, the spring appears to
be the only suitable overwintering habitat, so large numbers of frogs are found in the
same location. Cascades frogs at this site experienced high mortality when we disturbed
their habitat when retrieving radio transmitters before battery failure (27 March 2008).
Although regrettable, it does emphasize that Cascades frogs are extremely sensitive to
disturbance during the winter. To protect populations of Cascades frogs, vital
overwintering sites must be protected from even minor disturbances.
This study found that Cascades frogs are heavier before overwintering than after.
Anurans that have not built up energy stores may not survive overwintering and may be
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more vulnerable to adverse winter conditions (Seymour 1973). The average fat-body size
in Cascades frogs (1.0% ± 0.18 of body weight) compares well with other studies.
Mature common frogs (Rana temporaria) had fat-bodies that were 0.73% ± 0.12 (males)
and 0.41 % ± 0.07 (females) of their body size (Pasanen and Koskela 1974). Bradford
(1983) estimated that a 20 g R. sierrae needs 2.54% body fat to survive 8 months at 4°C
which is more energy reserves than frogs possessed at our site. However, Bradford's
calculations included the entire lipid reserve, not just the fat-body.
There are no previous reports on the population size of Cascades frogs in central
Washington. Our rough estimate indicates that the population of adult frogs throughout
this wetland (total area: 5023 m2), ranges from 95 to 120 individuals. Estimates of R.

cascadae from a single pond (area: 315 m 2) in Oregon were considerably larger than ours
(1,400 to 2,500 frogs) (Briggs and Storm 1970). We found only 20-24 egg masses each
year which, when compared to our population estimate of ~50 adult females, suggests
that female frogs at our site reproduce only once every 2 years. There are no obvious
threats to Cascades frogs at this location, but more data are needed to determine the
stability of the population. Of the adults at our study site, 45% tested positive (n = 31)
for Batrachochytrium dendrobatidis (Bd) (C.A. Gaulke and J.T. Irwin, unpublished data,
2009), and 6 of the frogs that tested positive for Bd were recaptured twice over the next 2
years. Despite the high infection rate, no mass mortality events associated with Bd, or
severe symptoms of lethargy and sloughing skin were noted in this population.
Our study site is located less than 5 km from other wetlands with Cascades frogs.
This is under the 10 km limit of gene dispersal suggested for other Cascades frog
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populations (Monson and Blouin 2004). However, it took 12 years for Cascades frog
populations in Oregon to re-colonize a historical site only 2 km distant (Blaustein et al.
1994 ). Seven years after the eruption of Mount Saint Helens, Cascades frogs repopulated a site from 6 km away (Crisafulli et al. 2005). Garwood (2009) found that
1.0% of the Cascades frogs at his California site, mostly juveniles and males, dispersed
an average of 1177 m up steep headwalls into adjacent mountain basins, which shows
that Cascades frogs are capable of larger distance movement than we found at this site.
Because there are multiple wetlands on Table Mt., there is likely gene flow between local
populations.
Cascades frog populations have been assessed as vulnerable to declines because
of their dependence on very specific habitats (Olson 1992), introduced fish, pesticide
drift, drought, disease (Fellers and Drost 1993; Fellers et al. 2008) and weak
metapopulation structure with strong genetic isolation (Monsen and Blouin 2004). No
obvious population declines were witnessed during this study, but we did find that
Cascades frogs at this site are very sensitive to disturbance during hibernation. This
sensitivity, combined with limited overwintering habitat and low gene flow, are cause for
concern and these frogs should continue to be monitored in the future.
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APPENDIXES
Appendix A
Plant List at Table Mt. Study Site

Trees
Subalpine fir, Abies lasiocarpa
Englemann spruce, Picea engelmanni
Lodgepole pine, Pinus contorta

Shrubs
Black twinberry, Lonicera involucrate

Forbs
Yarrow, Achilles milifolium
Beaked sedge, Carex rostrata
Smallwing sedge, Carex microptera
Western spring beauty, Claytonia lanceolata
Tufted hair grass, Deschampsia caespitosa
Spike rush, Eleochans spp.
Common willow-herb, Epilobium gladulosum
Big leaf lupine, Lupinus polyphyllus
Primrose monkeyflower, Mimulus primuloides
Alpine timothy, Phleum alpinium
Green false hellebore or com lily, Veratrum viride
American brooklime, Veronica americana

Compiled by Dr. Tom Cottrell, 5 August 2009
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Appendix B
Air Temperatures at Table Mt. Study Site 2007-2008
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Air temperatures recorded at 1.5 mat Table Mt. study site, Wenatchee National Forest.
Note, data logger was insulated by heavy snowfall from mid February to mid-May 2008.

